This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 
Q BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

^ BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report tlie images to the 
Image Problem Mailbox. 



I 



per 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
Inuntaiional Buriu 




?7r 



.NTE,NATIONAL APPLICATION PU8USHED UNDE, THE PATENT COOHRATION TREATY (PCTl 



I (51) loierairioDii Pateat atsrineatioo 5 

, A6IK 49/00, B0IJ13/20 
I A6IK9/50 



Al 



dOlDteniitiooai Publioiloo Numbtr: WO 91/1282j^ 

(43) laiernKloDal Publicacioo Date: J September 1991 (05.09.91) 



(21) lolcrearional Appliaiioo Number: PCT/CB9 1/0024 7 

(22) loteniaiioDal Filing Dale: 19 Fcbniary 1991 (19.02.91) 



(30) Priority dau: 
9003821.7 



20 February 1990 (20.02.90) CB j 



(71) Applicint (for all designated States except US): DELTA BI- 
OTECHNC)LOCY LIMITED ICB/GB); C«fle^^^^^^ 
Casile Boulevard, Nottingham NC7 IFD (GB). 

r72)lQveaton;aad 

(75)InYeoWApplict«,tt (/or US only) : ILLUM. Lisbeih (DK/ 
Crescent Nonh, The Park,- Nottinih 
??M'5/ WASHINGTON. Clive (GB/clj; 

(GB) Siaplcford. Nottingham NG9 7BT 



(54) Title: DIAGNOSTIC AID 



(74)Ageiil:BASSErr Richard, S.: Eric Potter & Clarkson, Sl 
(GbT* Nottingham NGI ILE 



^ ^ « (European patent). BE (European 

patent). CH (European patent). DE (European patent). 
DK (European P»ient). ES (European patent). FR (Eu- 

o^TJllT\r^t'' (Eur^ 
^J!^Jy S^hr^ (turopean patent), J P. LU (European 
paicni). NL (European patent). SE (uuropean patent). 



Published 

W/A international search report. 

Be/ore the expiration of the time limit for amending the 



(>7}Ac^iract 

by simple or complex eoKervaiion, oil/w„e"oi double emulsSn « Mtipi perfluorohexane. T>,e shell may be made 
methods, followed by ehemieal or beat hardVnin. °f """.""."'»'<'"• V '*^5IEP (mimmiiauon of solubility al isocleeirie poinO 

micro«psul« have « honeyS.b .pS ,a„« muUi"„fe".« nJ^T" ' s ^d"" •»«'»'«<' hi 

"Phy. ° •ppcarance with multiple gas-niled chambers. The microcapsules can be used for eehoeardiog- 




rURTMIM INrORMATION COWTINUID niOM TMt StCONO tNttT 



V.fX OBStWVATtONS WHim CtWTAIW CLAIMS WlWt rOUWD OWSIAU CMAIU • 

Tiui uit«fn«i.on«l ••tren r.pon hti ..c! b«.« ••tab»th«« In rtt0«et ol etritifi cUimi Mitftr Artlct* 170) Cat tar lollo»ifl9 rtatont: 
Cl..m ««mb«r...l.5.... b«<tutf Ih.y i«i;t. lo lubfci man.r not r.Qulr.d lo to •••fth«« mi. Aulh.rlfy. Mm«lf : 

_^L?.CT-Rul^2ii.l:<ivlL."^«thod for treatment of the human 

or animal body by surgery or therapy 
as well as diagnostic methods 



Ctolfn Awfibtrt 
maniB to tycii 



VlQ OlStWVATIOmWHIM UMITY OF INVINTION IS LACKIHC » 



Thu lAt«rfi«U0A«l S«archliio Auihorflir lountf niwIUdI* Ini^iiUMt m this IntoniMtMl MpOcaflM 



L mia lfii*mau«Ml ••arch rapon Mvara aD aaarchakk clalma 



•0 raqwirtd ■ddlUaAti aaarcli Itaa wtfa ttinalf paid by Wid aopUcant ! 
01 tfid lAtarAauoAal aaeUcauon. 

!□ Aa ant, aom« af Um r»«uUtd adMlOMi aaarch vara Umaly paid by th« appOcant thia InlamaUoiial aaareh fmamn ...i. 
tiioaa Claim, at iiia imamau#«al appUeatio» tot .iiicA taaa »afa paW. ar^ JS, """^ 



iQ Mo ra«wUad atfdltiOAai acarcli mi 



thm lAtaAUan Arat AiaAiiOA«d 1a tfM claima: n la co«art4 by claim Attinbara: 



£:.^.";:,•rA^%•,?;^.Vom^^^^^^^ i«.umao aA addiu*...! i 

K«m«fi M ^fvtaii 

□ Th. addiUoAal aaarcb faaa vara accamoaAlatf by appUcanfa prvtaau 

□ p»«tapi accempaAiad lha paymaM al addiUoAal aaartli laaa. 



form ^CTHSAffio (avppiamoAUl aAMt 0» (JMary 1MS| 




bacauaa thay ralaia lo pani ol lha lAtamaltOAal appUeatlofi Uial 4m am umai* wmh t%M mmmMt^m^ m.^u^ 

aA ..tarn that a. maaAiA«lul lAiarAabOAal aaareli caA ba "^"Tr •'•••ribad raqtiiro. 



and aro net drafiod bi accord anoa wtm aocnv M Vm9 aanti 



ara um«»y paid by tho aaarieaAL CaAao«i»oAtty. iMa imomollMidl aoarcb rapon la roetMclotf !• 



» lAtamanoAal SaartMAo AulfMiiiy dW 




^0 91/12823 PCT/CU91/00247 



DIAGNOSTIC AID 

The present invention relates to diagnostic aids and, more 
particularly, to echogenic materials for echocardiography and 
ether purposes . 

As is knovm from EP-A-0 324 938, air-filled albumin microbubbles 
of about 1-10 uin can be injected into the bloodstreaai and will 
reflect ultrasonic radiation in such a way as to yield 



diagnostiTaHy-useful images of the heart and other internal 
organs. These microbubbles are formed by sonicating viscous 
aqueous albumin solutions at 5000 - 30,000 Hz. The resulting 
microbubbles are heat-denatured to make the albumin water-' 
insoluble. 

We have now devised an improved process . for preparing hollow 
microcapsules, rather than microbubbles, which has. been found to 
give a high yield of particles which are better suited for 
echocardiography. . * 

One aspect of the invention provides a process for preparing 
gas-containing microcapsules comprising forming water- 
dispersible (preferably proteinaceous ) microcapsules having- a 
liquid or solid core and removing at least some of the said 
liquid or solid to create a microcapsule containing a gas. 
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Forming non-proteinaceous microcapsules in this way has 
previously been proposed in GB-A-1 288- 583 for use "in paints. 
The polymers used in GB-A-l 288 583 were insoluble polymers like 
polystyrene. There was no suggestion of their use as. injectable 
compositions for echocardiography, whereas the compositions of 
the present invention, at least when used for such a purpose, 
are biocompatible, biodegradable and non-immunbgenic . 

A. Kondo in "Microcapsule Processing and ^ Technology- (Marcel 
DekkeF THFT New York, 1979) suggests forming hollow capsules 
using a low boiling point .solvent as the core in an in-liquid 
drying process (page 10?) and oil-containing gelatin capsules 
from which the oil is not subsequently removed. US-A-4 173 488, 
US-A-3 781 230 and US-A-4 089 800 disclose the use of 
hydrophobic resins and hydrophobic starches to coat the oil 
c-opiets in an oil-in-water emulsion and subsequently form 
microcapsules. None of these documents mentions using the 
microcapsules for echocardiography and none mentions the use of 
albumin. EP-A-0 327 490 discloses the use of synthetic polymers 
to surround gas bubbles in a liquid medium and subsequently form 
microcapsules for echocardiography. This is a different process 
from that of the present invention and the prior specification 
does not mention using proteins. 
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• The core in the process of the present invention is preferably a 
vater-immiscible oil and is preferably also relatively volatile 
so that it can be evaporated after the microcapsules have been 
formed, in other words during or after the hardening of the 
wall. This is what we mean by "relatively volatile". More 
specifically, any inert oil, preferably a perfluofo compound, 
.having a boiling point of 20-100»C, preferably 40-90.«C and more 
preferably S0-80»C is generally suitable. Perf liiorohexane, 
• perfluoroheptane, perf luoromethylcyclohexane; cyclopentane , 
he:^ine, 2 -methyl pen tane, 3-methylpentane, 2/2, diroethylbutane., 
2,3, dimethylbutane> 1-chloropropane, 2-chloro-2-methyl propane, 
chloroform, methylene chloride, 1,1 dichloroethane and 
bromoethane are all .suitable. More than one core can be 
provided in each microcapsule. A solid core, such as ajtimonium 
carbonate, may be used", followed by sublimation or removal with 
a solvent. 

The process for the production of hollow microcapsules may be 
any of those generally known as simple coacervation, compl«sr 
coacervation, MSIEP (minimisation of solubility at isoelectric 
point) and double emulsion, but is preferably the latter. 
Interfacial polymerisation may be used for some wall-forming 
materials, although not for proteinaceous materials. 
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Ary suitable wall-forming material may be used which is (i) 
dispersible (preferably soluble) in water, (ii) capable of being 
rendered water-insoluble once the microcapsules are made and 
(iii) physiologically non-toxic and non- immunogenic, at least in 
the conditions of use. Materials which are biodegradable in the. 
patient following administration are preferred.. Proteinaceous. 
materials are preferred and serum albumin is generally suitable. 
The . term "proteinaceous" is used herein to describe proteins, 
naturally-occurring and synthetic polypeptides and fragments of 



proteins and polypeptides. For human use, human serum albumin 
(HSA) is preferred. This can be isolated from serum by known 
techniques or manufactured by recombinant DHA techniques such as 
are disclosed in EP-A-201 239 and EP-A-286 424. Analogues and 
fragments of HSA can be used, such as are disclosed in EP-A-322- 
094. In this specification, the term -albumin- is used to cover 
all of these compounds. other materials include gelatin, 
hydroxyethyl starch, starch and dextran. The properties of some 
materials, such as albumin, may be modified by the presence of 
an added non-ionic curfactant, such as is described by Omotosho 
ec ai as interfacial complexation (1986 J. Pharm. Pharmacol. 38, 
865-870). The materials are chemically or thermally denatured, 
to render thm insoluble, after the microcapsules have been 
formed. 
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The (preferably proteinaceous ) material can *be made water- 
insoluble by chemical cross-linking, denaturation (for example 
with heat), chelating or grafting. 

The microcapsules of the invention are filled with a gas or 
.vapour, which may be air or any other true gas but is often a 
mixture of air and the vapour from the volatile oil. In this 
specif icatioji, the term "air-filled" is loosely used to cQver 
pure air, any other gas, any vapour or mixtures thereof. 

The microcapsules which are formed are preferably from 0.1 to 
500 urn in diameter. For use in echocardiography, a range of 1.0 
to. 10 um or 2.0 to 8 jim is especially suitable. Such sizes may 
be achieved by appropri-ately selecting the process parameters 
and/or by separating out, for example by wet micro- sieving or 
air , elutriation, the desired size from the resulting . 
microcapsules. Since a range of sizes will usually result, the. 
figures in this specification refer to 90% of the population by 
weight. The size range can be measured with a light microscope 
or by. using known apparatus . such as the Coulter Counter and 
known methods such as those disclosed in Morris & Warburton^ J". 
Pharm, Pharmacol. 36, 73-76 (1984). 

At least in the case of the double emulsion methods, a multi- 
chamber microcapsule results, resembling a honeycomb or the type 
of confectionery sold in the UK under the registered trademark . 
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-Malr.3ser". This is a preferred product. There may be from two 
to several hundred chambers in each microcapsule, preferably at 
least 10 • 

The final product is typically obtained ..in the form of a 
suspension which may be washed, sterilised and used. In at 
least some cases, however, the microcapsules can be freeze-dried 
without collapsing and stored as a free-flowing powder for 
future use. 



The air-filled, microcapsules may be used in echocardiography and 
other ultrasonic imaging techniques in ways known in the art 
(see, for example, EP-A-0 324 938, US-A-4 276 885 and US-A-4 572 
•203, all inccrrorated by reference), in nasal and lung delivery 
systems for drugs (when prepared as powder, rather, than 
suspensions) and as opacifiers or reflectivity enhancers in 
cosmetics . 

The air-filled microcapsules themselves {especially the multi- 
chamber capsules) and their uses, particularly as echogenic 
materials in diagnostic procedures, form further aspects of the 
invention. 



Examples of the invention will now be given with reference to 
the accompanying figures, in which: 
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Figures 1 dnd 2 are views from above and one side of respective 
stirring paddles; 

Figure 3 is a vertical section of a mixing vessel in which the 
paddles operate; and 

Figures 4 and 5 are respective scanning electron micrographs of 
micrpcapsules prepared in accordance with the invention using 
the double emulsion method. 



EXAMPLE 1; SIMPLE COACERVATION 

This method was adapted from, one described in US Patent 
2,800,458 (1957), for the production of carbonless copying 
paper. Various volatile oils were homogenised using a hand 
homogeniser (room temp., 15 mins) with 20 ml of a 10% alqueous 
solution of albumin, to form an o/w emulsion. Initially 1 ml of 
the oil perfluoro-l,3-dimethyl cyclohexane, which has a boiling 
point of 101-102**C. was used. Other oils suqh as 

dichloromethane (B.P. 39 .8 - 40**C) and pertluorohexane (B.P. 58 
- 60*C) were later employed. A dehydrating agent (isopropanol 
(6 ml) or a salt eg 6 ml of 20% sodium sulphate can be used) was 
then added over 10 mins, to induce coacervation, or 
concentration of the albumin around the droplets of volatile 
oil, and the product was stirred for 1 hour at 1233 rpm. A 
surfactant (Span 80 (sorbitan mono-oleate) ; 0.2 ml; was added 
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8 . ■ . 

after coacervation and before cross-linking to prevent 
agglomeration of the microcapsules following cross-linJcing . The 
albumin was cross-linked using glutaraldehyde (0.2 ml) and 
excess reagent was inactivated with sodium, metabisulphite (0.4. 
nil. of 12% aqueous solution), which reacts with free aldehyde 
groups. The suspension of microcapsules obtained was stored in 
a desiccator at 5*C. The capsules were sized using a Malvern 
3600 particle- sizer I 

Using this method, microcapsules were produced. Most wers much 
smaller than 5 ^m in diameter. By reducing the stirring speed 
from 1233 to 874 rpm, using perf luoro-1 , 2-dimethyl cyclohexane 
as. volatile oil and Span 80 as surfactant, the yield of 
microcapsules . in the size range 2 - 8 um was increased but the 
range was also broader. When the surfactant was changed to 
Pluronic F68, the proportion of microcapsules in the desired 
size range increased to 71.7%; however, the range was Still 
broad. (Pluronic F68 is the trade designation for poloxamer 188 
(poloxalkol), a block copolymer of polyoxyethylene • and 
polyoxypropylene (CAS-9003-11-6 ) . ) The nature of the volatile 
oil was also found to affect the particle size, with, 
dichloromethane and perf iuorohexane both producing smaller 
microcapsules than perf luoro-1 ,3-dimethyl cyclohexane, under, the 
same conditions. ■ 



^0 91/12823 . PCr/CB91/00247 



EXAMPLE 2; SIMPLE COACERVATIQN 

The basic method of Example 1 was followed. 1 ml of 
perfluorohexane was homogenised into 10 . ml of a .10% aqueous 
albumin solution in 30 sec using a Silverson homogeniser at 6800 
rpm, following by stirring at 1370 rpm * for 15 mins, at room 
temperature. The isopropanol was added as before but this step* 
was followed by stirring for 1.5 hours at 1370 rpm. Similarly, 
the additions of Span 80 and glutaraldehyde were each followed 
by 15 min of stirring at 1370 rpm instead of 1233 rpm. Excess 
glutaraldehyde was removed with ethanolamine (0-8 ml) and the 
final stirring was at 1370 rpm for 15 min. The product was 
obtained as a suspension of relatively uniform microcapsules in 
the desired range of 2 - 8 jim. " 

EXAMPLE 3: DOUBLE EI-fULSION METHOD 

A primary o/w emulsion was produced by homogenising a volatile 
oil (perfluoro-1,3 dimethyl cyclohexane) with a solution of HSA, 
as in Example 1. This emulsion was then re-emulsified into 
olive oil to produce an o/w/o emulsion, with the volatile oil as 
the inner oil phase. After addition of a surfactant/ Pliironic 
F68, to prevent agglomeration of the particles, glutaraldehyde 
was added to cross-link the albumin. The excess glutaraldehyde 
was th»n inactivated using sodium metabisulphite. The resulting 
microcapsules were separated by centrif ugation and washed with 
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petroleu:.! ether and acetone, to remove the olive oil. After 
drying overnight in a desiccator at ' room temperature, the 
microcapsules were collected as a dry powder.. Details of the 
method are as follows. 

0.5 ml perfluoro-l,3-methylcyclohexane was homogenised into 1 ml 
of 20% aqueous HSA solution over 5 min at 6800 rpm. This o/w 
emulsion was poured into 25 ml of previously stirred olive oil 
and stirred at room temperature for 15 min at 1233 rpm. 0.4 ml 
of To%~Pl7ronic "P68 was added and stirred' for 15 min at 1233 
rpm. 0.2 ml of glutaraldehyde was added and stirred as before. 
0.4 ml of 12% aq. sodium metabisulphite added and stirred as 
before. The product was centrlfuged at 3000 rpm for 20 min and' 
washed etc as above. 

HollQw microcapsules of 20-100 um were obtained. 

EXAMPLE 4; DOUBLE EMULSION 

p 

15 ml of perfluorohexane (Aldrich, UK) was added to 30 ml of 10% 
(w/v) HSA solution (fraction V; Sigma, UK)- and emulsified with a 
Microfluidizer (Microfluidics Corporation, Newton, Mass, USA) in 
a continuous process for 45 seconds to form an o/w emulsion. 
1.5 ml of this emulsion was then added to 50 "ml of soya oil 
(Sainsbury, UK) at 22»C and emulsified with a homogenizer 
(Silverson, UK) at 6800 rpm for 5 minutes. The resultant o/w/o 
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emalsion was transferred to an oil bath and then heated at 120«C 
for 30 minutes, while the mixture was stirred using a mechanical 
stirrer (Heidolph RZR-l ) at 874 rpm. 

The mixture was allowed to cool to 25"C. Once this temperature 
had been reached, 20 ml of petroleum ether (May i Baker, UK) was 
added to the microsphere-soya oil suspension. This mixture was 
centrifuged at 3000 rpm for 20 minutes. The supernatant was 
decanted and the microspheres were washed with 40 ml of 



petroleum ether, centrifuged, decanted; washed again with 
petroleum ether and finally with ethanol. 

Differing conditions were tried, for example using a mechanical 
stirrer or a homogenizer for the o/w/o emulsion; 1, 2 or 3% o/w 
emulsion in the soya oil; olive instead of soya oil; 874, 1250. 
or 2000 rpm stirring speed; type of paddle; 16.7 or 33.3% 
volatile oil; non-volatile oil (n-dodecane) instead of volatile 
oil; 5, 10 or 20% HSA; and 0, 1 or 10% lecithin as a surfactant 
in the primary emulsion. 



Preferred conditions included: using a homogenizer to prepare 
the primary emulsion using 1% or 2% o/w emulsion in the soya 
oil; using soya instead of olive oil; using a vertical paddle as 
shown in Figure 2 at 2000 rpm, optionally with baffles in the 
mixing vessel; usina volatile or non-volatile oil at 33.3%; 
absence of lecithin. 
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All particles were sized using a lacier diffraction technique 
{Malvern Particle Sizer Type 2600 D, Halvern Instrument, UK). 
The particles were resuspended in water and sonicated (Soniprobe 
7532B, Dawe, UK) for 2 minutes at 60 W before sizing. The shape 
and possible agglomeration of the particles were studied using. a 
light microscope (Optiphdt, Nikon, Japan). The product was a 
free flowing powder of size range 2-20' jim. 

EXAMPLE 5: DOUBLE EMULSION 

The method of Example * 4 was adapted as follows to produce a 
particularly satisfactory result. 10 ml of perf uorohexane was 
emulsified into 20 ml cf 10% aq. HSA with Microf luidiser, 
circulating the liquid three times at 60 - 90,000 kPa. 1 ml of 
o/w emulsion was poured into 50 ml soya oil and homogenised with 
the Silverson blender for 5 min at 6800 rpm. The albumin was 
cross-linked by heating to about 120«C in an oil bath (15 min 
equilibration; 30 min heating) whilst paddle stirring at 2000 
rpm and then cooled to room temperature, followed by paddle 
stirring at 2000 rpm whilst adding 20 ml petroleum ether. The 
product was paddle stirred at 2000 rpm for 2 min, centrifuged at 
3000 rpm for 20 min, decanted, washed twice with ether (20 ml) 
and once with ethanol (20 ml), shaken, centrifuged and decanted. 
Finally, the product was f reeze-dried. 

The product was a free-flowing powder of 2-lp \im microcapsules. 
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EXAMPLi: 6 1 MINIMIZATION SOLUBILITY AT ISOELECTRIC POWER (MSIEPl 

A method was- developed for producing albumin microcapsules by 
the MSIEP technique. The preliminary' results obtained by this 
method are discussed below. The MSIEP method uses elements of 
both complex coacervation and simple (o/w) emulsion techniques. 

1. ml of perfluorohexane was emulsified with 10 ml of 10% HSA 
solution with a Silverson or microf luidiser . to give a primary, 
o/w emulsion to which 10 ml of 5% or 10% aq. HSA solution (pH 
6.65) was added at room temperature, whilst stirring at 800 rpm. 
By decreasing the pH of the mixture to <4.7 with IM HCl, whilst 
stirring at 800 rpm, the albumin in the mixture comes out of 
solution at the isoelectric point and forms a coating around the 
emulsion droplets due to neutralization of charges oh the 
surface of the albumin in the emulsion and the solution. The 
albumin coating can then be cross -linked by heat or a. chemical 
method(s) as described above. If glutaraldehyde is used to 
cross-link the albumin (typically 1 ml of 25% solution) then 
excess glutaraldehyde can be removed with 2 ml of ethanolamine 
(free base).. 
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EXAMx'L; 7; COMPLEX COACERVATION 

This is a modification of a known method for the preparation of 
non-hollow microcapsules (see for example US 4808408, 
incorporated herein by reference). It relies upon the 
interaction of polymers in solution carrying opposite charge. 
Albumin (isoelectric point 4.7) which will carry a negative 
charge at pH 6.3 may be combined with a gelatin (isoelectric 
point in the range 7 to 9), which will carry a positive charge 
at this pH- Other suitable polymer mixtures may be used 
provided one is negative and the other positive at . the chosen 
pH. For example, at low pH (4.0) albumin will be positively 
charged and may be made to interact with a negatively charged 
polymer (eg sodium alginate) or type B gelatin (isoelectric 
point 4 •7-5.0). The choice of the complexing material for 
albumin will be based. upon toxicity considerations. 

More specifically, an oil-in-water emulsion was. formed from 10 
ml of 10% HSA (pH 6.3) and 1 ml perf luorohexane bySilverson 
blending for 5 mins at 6800 rpm, and then stirred at 638 rpm for 
10 mins at 45*C. 10 ml of 10% gelatin type A (pH 5.9) was 
slowly added to give a preparation at pH 6.3 which was stirred 
as before. 0.4 ml of Span 80 was added and the mixture was 
stirred as before, following which 0.1 ml of 37% aqueous 
formaldehyde (cross-linker) was added and the mixture was 
stirred as before. Finally, 0.2 ml ^f 12% w/v sodium 
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metabisulphite was added to quench the formaldehyde and the 
mixture was. stirred as before. X suspension of 2-50 
microspheres was obtained. 

The microcapsules may be filtered, washed and dried. 
EXAMPLE 8 ; DOUBLE EMULSTQM 

Materials: 25% Human Serum Albumin (HSA) Alpha Therapeutic 
Corporation, LOS Angeles, USA. Soya oil (edible grade) J. 
Sainsbury pic. Petroleum ether Bpt 60-90C»(All) Fisons, 
Loughborough, UK. Ethanol Absolute (AR) Fisons, Loughborough, 
UK. Acetone (AR) Fisons, Lcughborough, UK. Fluorophore Filters 
(0.5 pm pore siz-), Millipore Filters. 

volatile oils : Perfluorohexane (99%) Aldrich Chemicals Ltd, UK. 
Perfluorodecaiine Rhone Poulenc isc Division, Avonmouth, 
Bristol. Perfluorodimethylcyclohexane Aldrich Chemicals, UK. 
Ftrfluoromethylcyclohexane Aldrich Chemicals, UK. 

Instrumentation : Microf luidiser 120E, Christison Scientific 
Equipment Ltd, Gateshead, UK. Silverson homogeniser L4R, 
NorthernMedia, Nottingham. Homogeniser heads: Coarse head (2 
mm circular pores). Fine head (I mm circulkr pores), Heidolph 
stirrer STl,.. Stirrer heads: 6-blade turbine. 4-blade paddle, 
4-blade rotor. 
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**ethod: Emulsion formulations t Primary emulsion . 20 ml . HS;^ 
(10%), 10 ml volatile oil. 

Secondary emulsion; 15 ml primary" emulsion, 500 ml Soya oil. 

Preparation of the primary emulsion. The HSA and the volatile 
oil; which was any of those listed .above or a combination of two 
in varying proportions, werjft mixed. The mixture was then 
emulsified using the microf luidiser or the Silverston 
homogeniser. The Microf luidiser was used at an operating 
pressure of 5. 5-9 i 7 x lO' N/m* (8000-14000 pounds per square 
inch). The homogeniser was operated at 5000-9000 revolutions 
per minutes (rpm) . The emulsion was manufactured i.i the 
microf luidiser either with or without the cooling coil. It was 
processed through 1-4 cycles. With the homogeniser, the volumes 
of the formulation were scaled up by a factor of 4 to make up 
the minimum homogenisation volume. The emulsion was then 
homogenised for 1-4 minutes. The emulsion was used as soon as 
possible after manufacture or stored at 4»C for use after a few 
hours. 

Prepartion of the secondary emulsion and- heat-fixing. 15 ml of 
the primary emulsion was added to 500 ml of soya oil and 
homogenised at 5500 rpm for 3 minutes. The emulsion was then 
ti-anstexred to a heavea oix-bacn and heated at the raxe of i or : 
2*C per minute. The emulsion was stirred continuously during 
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heating using one of the stirrer heads described above at speeds 
which varied between 600-1500 rpm. The" emulsion was heated to 
120«C and held there for 20 minutes. The emulsion was then, 
allowed to cool at room temperature and the microcapsules were 
harvested. 

About 100 ml of petroleum ether was added to the fixed emulsion 
and stirred. .The mixture was then cantrifuged at 4500 rpm for 
,20 minutes. The supernatant was discarded and the pellet 
collected. The pellet was then resuspended in ether and passed 
vacuum-filtered through a 0.5 um pore Fluorophore filter. The 
pellet was washed with ether, ethanol and acetone successively. 
The dry filter-cake was then allowed to dry at ambient 
temperature in a desiccator and then freeze-dried and storsd at 
room temperatura 1 

The size of the pores within the microcapsules depended on the 
volatile oil and the method of homogenisation used in the 
manufacture of the primary emulsion. Perfluorodecalin in 
conjunction with the Microf luidiser tended to produce 
microcapsules With an interior having a plurality of hollow 
spaces, resembling a "Malteser" sweet. (-Malteser- is a 
registered trademark.) Perf luorohexane emulsions made using, the 
Microf luidiser tended to be solid while ^ perf luorohexane 
emulsions made using the S.Uverson -hoi-osenlser -are thin-valled 
microspheres with 5-10 pores per microcapsule. Flow charts for 
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t-c methods „e ,iv.„ i„ T.bX.s . 1 .„d , .elo„. sca„„i„, 
electron micrographs of the product „e shown in Fi,ur« 4 .„d 
5- in Figure 4. the microcapsules have been prepared as 
follows: e»lsion= 50 ml iO» HSA. 30 ml .».r««orod.caUn, 
. microfluidised at 4.8 x xO' H/m« ,,000 p.l,, 4 cycles, and 
homogenised at 6500 rpm for 5 minute,.- 2- elision, 15 „l 
the 1. emulsion wa. added. to 500 ml soy. oil and homogenised at 
"00 rpm.for 3 mine, rhe emulsion was stirred at 1500 rpm using 
• 6-blade stirrer head. The sample was fre.s..dri«. before 
microscopy. i„ 5, microcapsule, have been prepared 

" follow,, e.„i,i„„. ^ ^ 

Perfluorodecalin, microfluidised at J., x 10' »/m« ,14000 p.i,, 
4 cycle,. 2. «„ai,ion= 15 1 of the 1- emulsion was added to 
500 ml ,oya oil and homogenised at 5500 rpm for 3 „i.,s. The 
emulsion wa, stirred at 3000 rpm using a 5-bl.d. stirrer head. 
The .ample „a, freese-dried before microscopy. 



r 
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20 ml HSA (10%) 




10 ml Perfluorbhexane 



Emulsify with Microfluidiser 
at 5.5-9.7 X lO' Ultfi through 
4 cycles 



Primary emulsion 



Add 15 ml of 1® emulsion to 500 ml 
soya oil . 



Homogenise for 3 mins; 5500 rpm 
using Silverson 



[Secondary emulsion 0/W/O 



Cool to room temperature [ 



Stir at 60C-;500.rpm 
Heat slowly (1-2«C per min) 



Add ether 



Centrifuge 4500 rpm for 20 mins; collect 
pellet and discard supernatant 



Wash with ether, ethanol and 
acetone respectively; filter using 
Fluorophore (0.5 urn pore size) 



Dry filter cake at room 
temperature 



Microspheres; collect 
and weigh 



^Je'S^ilSL^ISSISLj^LSod"?;^! """'^ °' microcapsules using 
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30 ml HSA (10%) 




40 ml Perfluorohexane 



Emulsify with Silverson 
homogeniser at 6.2 x 10^ N/m^ 
for 1-4 minutes 



Primary emulsion 



Add 15 ml of 1* emulsion to 500 ml 
soya oil 



Homogenise for' 3 mins; 5500 rpm 
using Silverson. 



Secondary emulsion 0/W/O 



Stir at 600-1500 rpm 

Heat slowly (1.2*C per minute)- 



Cool to room temperature 



Add ether 



Centrifuge 4500 rpm for 20 mins; collect 
pellet and discard supernatant 



Wash with ether, ethanol and 
acetone respectively; filter using 
Fluorophore (0.5 ^m pore size) 



Dry filter cake at room 
temperattire 



Microspheres; collect 
and weigh 



TaJie 2 " "'^ — 
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GENERAL 



The whole process of the invention can advantageously be carried, 
out aseptically, starting with raw materials filtered through 
0.22 Jim filters so that no subsequent sterilisation is needed. 
Alternatively, established methods such as the use of moist heat 
(autoclave), ethylene oxide or gamma irradiation may be used. 

The final product wil?. preferably be prepared as a powder which 
will be reconstituted by the addition of sterile water for 
injection of sterile saline and then administered by intravenous 
injection. The powder may contain a suitable wetting agent such 
*s Poloxamer 188 to aid redispersion> if needed. 
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CLAIMS 

1. A process for preparing gas-containing microcapsules 
comprising forming microcapsules . from a water-dispersible 
material, the microcapsules containing a liquid or solid core, 
and removing at least some of the said liquid or solid to create 
a microcapsule containing a gas. 

2. A process according to Claim 1 wherein the water- 
dispersible material is water-soluble. 

3. A process according to Claim 2 wherein the microcapsule 
walls are formed from water-soluble proteinacaous material and 
are subsequently made water-insoluble. 

4. A process according to Claim 3 wherein the proteinaceous 
material is albumin. 

5. A process according to any other of the preceding claims 
wherein the said core is a water-immiscible oil. 

6. A process according to Claim S wherein the oil is 
relatively volatile and is removed from the oil -filled capsules 
by evaporation. 
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7. A process according to any other of the preceding claims 
wherein the microcapsules are formed by simple coacervation. 

8. A process according to any one pf claims 1 to 6 wherein the 
microcapsules are formed by complex coacervation, 

9. A process according to any one of Claims 1 to 6 wherein the 
microcapsules - are- f ormed by the process known as minimisation of 
solubility at isoelectric point. . • . 

10. A process according to any one of Claims 1 to 6 wherein the 
microcapsules are formed by a double- emulsion process, 

11. A process according to any one of the preceding claiias 
further comprising separating the gas-filled microcapsules from 
any liquid medium and freeze-drying the micro-capsules. 

12. Microcapsules prepared by or obtainable by a process 
according to any one of the preceding claims. 

13. A gas-filled microcapsule for use in diagnostic procedures, 
the gas- filled microcapsule having been formed by forming a 
microcapsule around a solid or liquid core and removing at least 
part of the said solid or liquid core. 
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14 



A mxcrocapsule having a plurality of gas-filled chambers 
therein. 



15. A method of forming a diagnostic image comprising adding 
the microcapsules of any one of Claims 12 to 14 to the 
bloodstream of a patient, reflecting ultrasonic waves off the 
inicro.cai,sules ^s they pass through or lodge in an organ tp be 
imaged,, and forming an image from the reflected waves. 

16. A pharmaceutical composition for administration to the body 
comprising gas-filled microcapsules according to any one of 
Claims 12 to 14. 
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